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LIPOGENESIS IN HUMAN SKIN. III. VARIATION WITH BODY SITE*
ROBERT D. GRIESEMER, M.D. AND ROBERT W. THOMAS
In 1955 Nieolaides and Rothman first reported
that lipogenesis in human skin differs in dermis
and epidermis (1). An entire amputated limb was
used; epidermis was separated from dermis by
the stretch method.
In 1959 Patterson and Griesemer showed that
lipogenesis can be measured in S mm discs of
fresh human skin (2). Extension of these studies
by Griesemer and Thomas (3) defined the
physical and chemical factors affecting the
reproducible assay of lipogenesis in biopsy
specimens of normal human skin. These in-
cluded the use of fresh skin preferably within
minutes after excision, avoidance of local anes-
thetics in the biopsy site, the use of slices and not
homogenates and the avoidance of freezing.
In the present report we discuss some of the
results of our assay of lipogenesis of over 1200
discs of skin from over 120 human subjects.
Emphasis has been placed upon the variation in
the capacity of the skin for lipogenesis, not only
in different layers of the skin, but also in different
areas of the body.
METHOD
Normal human skin was obtained mostly from
radical mastectomy specimens within an hour
after the start of the operation. Skin from other
body sites was supplied by general surgeons(limb amputations, circumcisions and lapa-
rotomies), by plastic surgeons (split thickness
grafts and plastic repairs of ears, face and eye-
lids) and by dermatologists (scalp, neck and back).
Preparation of Skin Samples
Most experiments were conducted with S mm
discs of whole skin cut from operative specimens
with a cutaneous punch and trimmed of subcutane-
ous fat. Specimens from patients were obtained
directly with a 4 or 6mm punch; the fat was trim-
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med before processing. In some experiments sub-
cutaneous fat was processed separately. In other
experiments epidermis was separated from dermis
by grasping a disc of skin on moist filter paper
between two glass microscope slides, and then
cutting free-hand a single horizontal slice with a
Stadie-Riggs knife blade, as near the skin surface
as possible. Histologically, the epidermal slices
contained an equal amount of dermis without
appendages, and the dermal slices contained all
of the sebaceous glands. Gentleness in handling all
specimens was emphasized.
Procedure for Incubation of Skin with Tagged
Acetate and Recovery of Lipids
The details of this procedure have been re-
ported (3). In brief, one to three discs of skin,
epidermis, dermis or fat were shaken in one ml of
phosphate buffer at 37° C in 100% oxygen for three
hours. The buffer contained 25 pmoles of acetate-
1-C'4 with a radioactivity of 10 or 50 peuries. The
labelled lipids were recovered from the tissue by
hydrolysis in alcoholic KOH overnight, extraction
by appropriate solvents and alumina chromatog-
raphy. Squalene, sterols and fatty acids were
isolated. Radioactivity measurements were made
in a scintillation counter and expressed as
mpmotes of acetate converted to lipid per gram wet
tissue per hour. This unit applies to all values in
the tables in this paper.
RESULTS
Various Layers of Skin from One Body Site
The sharp contrast in pattern of lipogenesis in
epidermis, dermis and subcutaneous fat is shown
in Table 1. Discs of breast skin trimmed of fat
were compared with horizontal free-hand slices of
epidermis and dermis and with slices of sub-
cutaneous fat about 2 mm in thickness. All of the
samples had been contiguous in the operative
specimen. The trauma from mechanical slicing
had little effect, since lipogenesis in recombined
epidermis and dermis was equal to that of whole
skin. Squalene synthesis was confined to the
dermis, in which all the sebaceous glands were
found. Sterol synthesis was most active in
epidermis. Fatty acid synthesis proceeded well in
epidermis, dermis and subcutaneous fat.
Adjacent Discs of Skin from One Body Site
A prerequisite for comparison of lipogenesis
in skin from different body sites was the assess-
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ment of the effect of local histological varia-
tion and of the reproducibility of the assay
method. Both of these factors affected the values
for lipogenesis in adjacent discs of whole skin
from one body site (Table 2). The constant thick-
ness of the viable epidermis was reflected in the
smaller variation in the values for sterol syn-
thesis. The variation in size and distribution of
sebaceous glands largely accounted for the
larger variation in the values for squalene and
fatty acid synthesis. In general the ratio of one
standard deviation to the mean was 15 to 20%
TABLE 1
Lipo genesis in various layers of human skin
Squa- St 1 * Fattylene* ero S Acids*
Exp. E19 Breast
Whole skin
Epidermis
Dermis
Epidermis +
dermist
Subcutaneous fat
92 8.1
0 26.8
147 1.2
94 8.6
0 0
131
28
146
122
140
Exp. E103 Breast
Whole skin 130
Epidermis 9
Dermis 81
Subcutaneous fat 8
6.5
12.7
1.9
0
108
80
112
1,480
* In all tables in this report the values for
squalene, sterols and fatty acids are m/2moles
acetate-i -C'4 incorporated into lipid per gram tissue
per hour.
t Slices of epidermis and dermis from the same
discs of skin were incubated in the same vessel.
TABLE 2
Lipogenesis in adjacent discs of human skin
Exp. E64 Breast
Squa-
lene Sterols FattyAcids
Average of 6 discs (k)
One standard deviation
(S. D.)
S.D.
X 100
5(
88
45%
2.92
18%
85
44%
Each disc of skin was assayed separately.
TABLE 3
Lipogenesis in skin from different body sites
in the same individual
Exp. Elil Breast
Squa-
lene Sterols FattyAcids
Sternal portion
Middle portion
Axillary portion
9.2
3.8
30.2
4.4
7.2
11.0
70
167
219
TABLE 4
Lipogenesis in skin from one body site (breast)
from unselected individuals
Exp. No.
E103
Age
36
Sample
Weight (mg)
275
Squa-
lene
130
Sterols
6.5
Fatty
Acids
108
E77
E106
E74
E90
40
42
43
48
350
100
300
250
51
10
83
68
2.2
6.2
4.3
2.3
92
47
232
89
E79
E97
E86
E78
E102
51
51
53
55
59
460
450
250
360
390
18
21
96
48
51
2.4
1.4
4.6
4.2
2.7
63
68
555
118
109
E84
E91
E88
63
64
69
75
250
100
10
12
98
7.8
5.0
2.2
70
31
152
E93 72 200 64 2.5 109
for sterols, 25 to 50% for squalene and 50 to
100% for fatty acids.
Skin from Different Body Sites in the
Same Individual
A comparison of skin samples from three
portions of a mastectomy specimen from one
individual is shown in Table 3. The sternal and
middle portions contained sebaceous glands
only, and were less active than the axillary
portion which contained both sebaceous and
eccrine glands. Apocrine glands were not present
in the axillary skin sample when metabolic
activity was measured, because they had been
previously removed along with subcutaneous fat
and hair follicles.
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TABLE 5
Lipo genesis in skin from sites with many
sebaceous glands
Site
Face
Post-auricular
Scalp
Exp. No.
E92
E96
EllO
E42
E55
E94
E75
Squalene
201
16
55
95
85
76
97
Sterols
5.3
6.2
8.4
9.1
16.8
9.6
5.8
455
72
170
88
24
118
353
TABLE 6
Lipo genesis in skin from sites with few
sebaceous glands
Site
Abdomen
Eyelid
Foreskin
Leg
Exp. No.
E80
E69
E44
Eli
E14
E63
Squalene
1.0
7.1
5.9
3.1
1.4
3.2
Sterols
2.6
4.2
15.1
4.0
12.1
6.4
23
158
10
8
13
31
Skin from One Body Site (Breast) from
Unselected Individuals
The variation in assay values for lipogenesis
in skin from a group of unselected normal human
subjects is shown in Table 4. The experimental
conditions were all the same: 50 jicuries and 25
emoles of acetate-i-C14, one ml Krebs-Ringer-
phosphate medium, three hours incubation in
100% oxygen at 37° C. The axillary tail of skin
from the mastectomy specimen was used in each
experiment. Data from every experiment from
E74 to Ei06 which fulfilled the above conditions
were included in Table 4. The variation in values
was unrelated to age of patient or to size of skin
sample; it was more likely related to variation in
number and size of sebaccous and eccrine glands
in the skin samples.
Shin from Variaus Body_Sites in Different
Individuals
Sites with many sebaceous glands. In Table 5
values for lipogenesis in face, post-auricular and
scalp skin are reported. These sites showed more
active synthesis of squalene and fatty acids than
did breast skin, but similar sterol synthesis.
Sites with few sebaceous glands. We were able to
obtain specimens from only a few areas of the
body in which the density of distribution of
sebaceous glands was low, namely abdomen, eye-
lid, foreskin and leg. These areas showed low
values for squalene synthesis, normal values for
sterols and variable values for fatty acids (Table
6).
DIsCUssION
It is clear that the observation of Nicolaides
and Rothman (1) is valid, namely that sebaceous
glands carry the synthesis of sterol only to a
precursor, squalene. This observation held true
for all the areas of the body we have studied;
those like the breast, face, post-auricular area and
scalp are rich in sebaceous glands as well as
squalene synthesis, but areas with sparsely
distributed sebaceous glands, such as abdomen,
eyelid, foreskin and leg, synthesize squalene
less rapidly. Epidermis carries the synthesis
completely to cholesterol. Both epidermis and
sebaceous glands synthesize fatty acids.
Why these differences between epidermis and
sebaceous gland exist is not at all clear; further
investigation is needed. One can imagine the
presence of inhibitors in the sebaceous gland only;
or perhaps the sebaceous gland lacks the enzyme
fabric to complete the synthesis of cholesterol; or
the oxygen tension in the sebaceous gland may
be too low. Bucher (4) showed that homogenates
of liver will synthesize cholesterol from acetate
in 100% oxygen atmosphere but only squalene
in a nitrogen atmosphere. Patterson and
Griesemer (2) observed the effect of nitrogen on
lipogenesis in slices of human skin; instead of the
synthesis coming to rest at the squalene stage,
no lipid at all was synthesized.
In the use of the assay of lipogenesis in human
skin in the study of abnormal tissue, the an-
atomical variation in adjacent biopsy specimens
and in different body sites must be considered.
If it were possible to study histologically the
skin sample whose lipogenesis is being assayed,
the study of pathological tissue would be fa-
cilitated. Unfortunately, the skin samples must
be hydrolyzed completely for biochemical
analysis; histological study is not possible. As one
solution to this problem, we have tried to obtain
sufficient data to estimate the effect of local
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anatomical variation on the ratio of one standard
deviation to the mean of the assay va]ues. These
ratios are as follows: for squalene 25 to 50%, for
cholesterol 15 to 20% and for fatty acids 50 to
100%. These data should be of some assistance in
interpreting assay values of skin lesions and
normal skin adjacent to them.
Perhaps the most fruitful application of the
assay of lipogenesis described in this paper will
be in the study of systemic factors affecting the
skin. By selecting a convenient site with active
lipogenesis, one can make comparisons, taking
into consideration the above per cent variation
in assay values due to local anatomical variation.
One can compare different individuals at one
time and also the same individual at different
times. The effect of general factors, such as
diet, environment, age, sex, disease process, as
well as specific drugs, hormones or other agents
may be evaluated. We are proceeding with this
work now.
SUMMARY
An in vitro method for assay of lipogenesis
from acetate-i-C'4 was applied to various layers of
human skin and to specimens from different body
sites. The difference in lipogenesis in epidermis,
sebaceous glands and fat was striking. Epidermis
synthesized cholesterol, but sebaceous glands
carried the synthesis only to squalene. Sub-
cutaneous fat synthesized very little squalcne or
cholesterol. All three tissues synthesized fatty
acids, fat being most active.
The assay values for adjacent skin biopsy
specimens showed wide variation: the ratio of one
standard deviation to the mean was for cho-
lesterol 15 to 20%, squalene 25 to 50% and fatty
acids 50 to 100%.
These values were helpful in interpreting the
variation in lipogencsis of breast skin from a
group of unselected individuals. The age of the
patient and size of skin sample had no effect. The
number and size of sebaceous glands accounted
largely for the variation.
Many areas of the body were studied. Those
with numerous sebaceous glands, such as face,
post-auricular and scalp skin, showed the most
active squalene and fatty acid synthesis. Those
with few sebaceous glands, such as abdomen,
eyelid, foreskin and leg skin, had low assay values
for squalcne synthesis and variable values for
fatty acid synthesis. In all areas, cholesterol
synthesis proceeded at about the same rate,
consistent with the nearly constant thickness of
the viable epidermis over the entire body.
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